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Introduction {#sec1-1}
============

Guillain Barré syndrome (GBS) is an acute disorder of the spinal nerve roots and peripheral nerves that is originated from immune mediated pathogenesis.^[@ref1]^ Despite the new radiological and histopathological diagnostic techniques, nerve conduction studies (NCS) still provide best diagnostic clues in patients with GBS in clinical practice.^[@ref2]^

Total protein level of CSF suggests that the increased deposition of antibodies and complements and products of active myelin breakdown in inflammatory diseases of nervous system.^[@ref3]^ In addition, elevated proteins have been shown as surrogate markers in the CSF for injury that correlate with disability and progression of demyelinating diseases.^[@ref4]^

Elevated neutrophil/lymphocyte ratio (NLR) may observe in chronic inflammatory diseases without significant leukocytosis in complete blood count.^[@ref5]^ Also the results of some previous studies about increased level of NLR indicate poor prognosis and high morbidity ratio in cardiovascular diseases and cancers.^[@ref6]^ Although, significant correlation was found between elevated NLR and worse prognosis in Bell\'s palsy as a sample of inflammatory neuropathy in a study,^[@ref7]^ there is no study that investigated the association between NLR and GBS in current literature yet. To investigate the prognostic markers of diseases has gained importance in recent years. Determination of prognosis in patients with GBS may provide preliminary information about treatment options, length of hospitalization and possible intensive care needs.^[@ref8]^ The aim of this study is comparing CSF protein level, NLR level as inflammatory indicators and NCS with functional recovery scale (MRC sum score) as damage indicators to prediction to prognosis of GBS.

Materials and Methods {#sec1-2}
=====================

Patients\' selection {#sec2-1}
--------------------

This is a retrospective study of GBS cases that admitted to our clinic between 2011 and 2015. The diagnosis of GBS was made upon the criteria of Asbury and Cornblath.^[@ref9]^ Detailed neurologic examination, routine biochemical investigations including complete blood count, glucose, kidney and liver function tests, and cerebrospinal fluid analyses were done in all patients. Medical Research Council (MRC) sum score was performed to all the patients at on admission (MRC^1st^ score) and 6months later (MRC^2nd^ score). NCS findings, CSF protein and NLR data that recorded on first admission were compared with MRC^1st^ and MRC^2nd^ score in order to show which factors affect clinical outcome. This study was approved by the institutional ethics committee.

Medical research council sum score {#sec2-2}
----------------------------------

The degree of weakness was graded by using MRC score (ranging from 0 to 5) of six muscle pairs on both sides: upper arm abductors, elbow flexors, wrist extensors, hip flexors, knee extensors, and foot dorsiflexors. The MRC sum score ranges are from 0 (tetraplegia) to 60 (no paralysis).^[@ref10]^

Nerve conduction studies {#sec2-3}
------------------------

NCSs were performed one week after symptom onset in GBS cases by using Nihon Cohden Neuropack 2 system (Nihon-Cohden Corp, Tokyo, Japan). Motor studies (distal motor latency, motor conduction velocity, F-wave and compound muscle action potential) were performed on both sides in the median, ulnar, tibial and peroneal nerves. Sensory nerve action potentials (SNAP) were done to assess sural, median and ulnar sensory nerves. The electrophysiological diagnosis of GBS was based upon the criteria suggested by Albers and Kelly.^[@ref11]^ The ratio of proximal to distal amplitude of common peroneal nerve was calculated for all patients after stimulation. Conduction block was defined as ratio of proximal to distal amplitude 70% in the absence of temporal dispersion. All electrophysiological studies were performed from a board certified neurologist (SK, SS, NC). All testing was done while maintaining the skin temperature at 36°C. We used the reference values that previously described by Oh for the nerve conduction studies.^[@ref12]^

Examination of cerebrospinal fluid {#sec2-4}
----------------------------------

Spinal tap was performed in the supine position from lumbar levels using a standard 22 spinal needle, after one week from disease onset. CSF protein level of 45 mg/dL was used as upper cutoff value of our laboratory. Cases with abnormal parameters of CSF except protein level were excluded.

Calculation of neutrophil/lymphocyte ratio {#sec2-5}
------------------------------------------

NLR was calculated as the ratio of neutrophil cell count to lymphocyte cell count as previously described.^[@ref5]^

Statistical analysis {#sec2-6}
--------------------

The statistical analysis was performed using the Statistical Package for Social Sciences, version 16 for windows (SPSS, Chicago, IL, USA). Kolmogorov-Smirnov test was used to test the normality of continuous variables and the variables with a p value of more than 0.1 were regarded as normal distribution. Continuous variables with normal distribution were presented as mean±one standard deviation and analyzed by Mann-Whitney U test. The correlation between two continues variables was analyzed using the Spearman\'s correlation. In addition, a linear regression model was used to analyze the relationship between MRC score and age, CSF protein level, NLR. Statistical significance was defined at P value of 0.05.

Results {#sec1-3}
=======

Total 24 GBS cases (mean age: 41±16, range 18-73 years) were enrolled the study. Mean CSF protein level was found as 60±31 mg/dL (reference range: 0-45 mg/dL).

All patients received intravenous immunoglobulin (IVIG) 0.4 g/kg for 5 days from day 1 to day 6 in hospitalization. Plasma exchange (PE) (ultrafiltration of 50 mL/kg every other day-four sessions) required in two patients (8.3%) after IVIG treatment because of progression (indication of assisted ventilation). Protein level of CSF was found as over 45 mg/dL in 92% of cases. A negative correlation between CSF protein level and MRC^2nd^ score was found. NLR is negatively correlated with age and NCS parameters of median, ulnar and tibial motor nerves distal latencies and F latencies and it is positively correlated with MRC^2nd^ score. The demographical, electrophysiological and biochemical data and correlation analyses of study group are given in [Table 1](#table001){ref-type="table"}.

Facial diplegia was observed in 10 patients (42%). When compared facial diplegia with and without GBS cases, mean NLR level was higher and MRC^1st^ score (disability on admission) was lower in diplegia plus group ([Table 2](#table002){ref-type="table"}). Potential prognostic predictor for GBS cases were analyzed by regression analysis. This analysis showed that CSF protein level was found only significant predictor of prognosis when the scores of MRC^1st^ and MRC^2nd^ taken as a constant ([Table 3](#table003){ref-type="table"}).

Discussion {#sec1-4}
==========

Guillain-Barré syndrome (GBS) is an acute inflammatory polyradiculoneuropathy that have distinct subtypes like acute motor axonal neuropathy (AMAN), acute inflammatory demyelinating polyneuropathy (AIDP) or acute motor and sensory axonal neuropathy (AMSAN). AIDP is the most common form of GBS and it is also called classical form.^[@ref13]^ Our GBS group was established from electrophysiologically verified classic cases in order to reach homogeneous results.

GBS usually presents with bilateral symmetrical ascending flaccid paralysis but other unusual presentations such as cranial nerve palsy have been reported and among these, facial palsy is the most common (24-60%). Bilateral simultaneous facial palsy is increasingly recognized as an atypical variant of GBS in adults.^[@ref13],[@ref14]^ Facial diplegia ratio has been found as 42% in our study. When compared facial diplegia with and without GBS cases, NLR levels was higher and MRC^1st^ score (disability on admission) was lower in diplegia plus group. Similar relation was not found with protein level of CSF and MRC^1st^ score. It suggests that high NLR is related with initial disability but no related with prognosis. Ozler *et al.* showed a positive correlation between NLR values and grade of facial paralysis In Bell\'s palsy group.^[@ref7]^ Our finding is similar with this study for our facial diplegia plus group.

Clinical manifestations of GBS cases vary depending on the severity of the infiltrative process in inflammatory neuropathies.^[@ref15]^ The main pathological mechanism is macrophage infiltration and damage of the myelin sheath segment. Proximal nerve roots and intramuscular nerve sections are damaged more where the blood-nerve barrier is weaker.^[@ref16]^ CSF findings of GBS include that elevated protein, normal/slightly high lymphocytes (\<50 cells/mm^3^) cerebrospinal fluid analysis. This finding called albumino-cytologic dissociation (ACD) may be regarded as the first CSF bio-marker in GBS. It is presented in over 90 percent of patients. CSF protein level could be normal within the first week after disease onset, the elevated levels may be observed after 2-3 weeks. In a clinical trial, an increased total CSF protein levels have been determined in 50% of patients made of diagnostic lumbar puncture in the first week, 80% made of in the second week.^[@ref17]^ We made CSF analyses into the first week of admission. Mean CSF protein level was found as110±54 mg/dL and ACD was seen in 92% of cases in our study.

Total protein level of CSF suggests that the increased deposition of antibodies, complements and products of active myelin break down in inflammatory diseases of nervous system.^[@ref3]^ Ritter et al. were evaluated IgG antibodies against the peripheral nerve tissue before and after IVIG treatment in their study. They found that the destructive antibody response was closely related with prognosis.^[@ref18]^ We found a negative effect of increased protein level of CSF in prognosis of GBS cases.

Various candidate biomarkers of CSF such as myelin basic protein, neuro-filaments, tau, anti-ganglioside antibodies, neuron specific enolase, hypocretin-1, 14-3-3 proteins, immunologic markers like different interleukins, tumor necrosis factor and complement system components for immune mediated polyneuropathies have been searched in previous studies. Some of these markers were suggested to have clinical relevance on prognosis of disease. However, studies on most CSF proteins are less, the numbers of patients are small.^[@ref19]^ We aimed to find out an easy and inexpensive prognostic marker for inflammatory polyneuropathies using the data obtained from routine clinical evaluation. Overall, we found a relationship between increased CSF protein levels with poor prognosis but plasma high NLR with good prognosis in GBS patients.

In a study of Ikincioglu *et al.*, NLR and platelet-to-lymphocyte ratio (PLR) values were found to be significantly high in sudden sensorineural hearing loss (SSNHL) patients. In addition, their results suggested that baseline higher NLR values responded to the treatment better.^[@ref20]^ These findings are similar to our results.

A poor prognosis in GBS has been correlated some parameters such as older age. ventilator necessity, preceding diarrhea or electrophysiological findings of axonal damage.^[@ref19]^ We searched the role of CSF protein level and neutrophil/lymphocyte ratio as prognostic markers of outcome and electrophysiological findings. In our study. NLR value that considered an inflammation marker in recent years was negatively correlated with age in our study group. Some authors reported that the positive relationship between NLR and increased age.^[@ref5],[@ref21]^ Mean age of our group was 41 years. If our study included children or elders, our results would be completely different.

Elevated NLR may observe in chronic inflammatory diseases.^[@ref19]^ A high NLR independently predicts poor survival in patients with unresectable hepatocellular carcinoma undergoing transarterial chemoembolization treatment, and an increased NLR indicates a better outcome than a decreased NLR for patients after transarterial chemoembolization.^[@ref22]^ We gave immunotherapy to all patients. This may explain the relationship that we found between high levels of NLR and good prognosis. If our study included a patient group who was not given immunotherapy, our results would be different. But this is not ethical for GBS patients.

Conclusions {#sec1-5}
===========

Our results showed that the high levels of baseline NLR indicate good prognosis for all cases in correlation analyses. In facial diplegia positive group, despite a positive correlation was found between high level of NLR and baseline disability on admission, there was no relationship with prognosis. Regression analysis showed that the protein level CSF was an independent prognostic factor. These contradictory results might be related to the following limitations. The first one, CSF analysis and NCS examination is only made into the first week in our study. However, second assessment of functional recovery was made by MRC scale only after six months. The second limitation is the relatively small sample size of our study group. Third one is immunotherapy, which was given all patients and it could influenced the natural changing of NLR levels. On the other hand, our groups were consisted from homogenous classic form of GBS cases included facial diplegia positive group. This feature enabled us to achieve clear interpretable data. To the best of our knowledge, our study is the first prognostic study of GBS based on NCS, CSF protein level and plasma NLR. We showed that the parameters that can reproduce from routine analysis could be valuable about prognosis. Further studies including a larger patient population combined with other biomark-ers are needed.

###### 

Correlation analyses of data.

  Parameter of GBS cases          Mean±SD (min-max) (n=24)   Correlation analyses                      
  ------------------------------- -------------------------- ----------------------------------------- ------------------------------------------
  Age (years)                     41±16 (18-73)              0.1                                       -0.007[\*](#tfn001){ref-type="table-fn"}
  Median motor nerve                                                                                   
      Distal latency (ms)         4.9±2 (2.5-10.5)           0.3                                       0.6
      Amplitude (mV)              4.5+3 (0.05-14.2)          0.8                                       0.01[\*](#tfn001){ref-type="table-fn"}
      Conduction velocity (m/s)   45±15 (20-68)              0.5                                       0.9
      Min F latency (ms)          36.2±8 (29-53)             0.2                                       0.2
  Ulnar motor nerve                                                                                    
      Distal latency (ms)         3.2±1 (2.1-6.4)            0.1                                       -0.05[\*](#tfn001){ref-type="table-fn"}
      Amplitude (mV)              4.6±1.9 (2-7.3)            0.4                                       0.1
      Conduction velocity (m/s)   48±10 (22-60)              0.2                                       0.7
      Min F latency (ms)          34.1±9 (28-49)             0.7                                       -0.04[\*](#tfn001){ref-type="table-fn"}
  Peroneal motor nerve                                                                                 
      Distal latency (ms)         5.8±2 (3.6-12)             0.3                                       0.5
      Amplitude (mV)              1.5±1.2 (0.1-4.7)          0.3                                       0.4
      Conduction velocity (m/s)   38.3±10 (19-57)            0.5                                       0.08
      Min F latency (ms)          60±16 (43-88)              0.7                                       0.1
  Tibial motor nerve                                                                                   
      Distal latency (ms)         7±2.6 (4-12.4)             0.3                                       0.4
      Amplitude (mV)              2.6±2.2 (0.4-8.4)          0.9                                       0.3
      Conduction velocity (m/s)   38.5±10 (22-60)            0.5                                       0.002[\*](#tfn001){ref-type="table-fn"}
      Min F latency (ms)          58±15 (37-101)             0.9                                       -0.04[\*](#tfn001){ref-type="table-fn"}
  Median sensory nerve                                                                                 
      Onset latency (ms)          2.5+0.4 (1.8-3.4)          0.8                                       0.4
      Amplitude (μV)              22.6+20 (4.2-68)           0.7                                       0.9
      Conduction velocity (m/s)   46+7 (37-59)               0.4                                       0.5
  Ulnar sensory nerve                                                                                  
      Onset latency (ms)          2±0.3 (1.4-2.4)            0.08                                      0.5
      Amplitude (μV)              18.7±13 (2.4-51)           0.6                                       0.7
      Conduction velocity (m/s)   49±6 (39-60.8)             0.2                                       0.8
  Sural sensory nerve                                                                                  
      Onset latency (ms)          2.8±0.9 (1.6-4.6)          0.06                                      0.4
      Amplitude (μV)              9.6±6 (3.2-26.9)           0.3                                       0.2
      Conduction velocity (m/s)   41±7 (28-54.9)             0.7                                       0.07
  CSF protein level (mg/dL)       110±54(49-250)             \-                                        -0.06
  Plasma NLR                      2 6±1.1 (1 2-4 7)          -0.06                                     
  MRC1st score (min max)          47±6 (38-56)               0.1                                       0.6
  MRC2st score (min max)          56±3 (50-60)               -0.01[\*](#tfn001){ref-type="table-fn"}   0.007[\*](#tfn001){ref-type="table-fn"}

GSB, Guillain Barré syndrome; SD, standard deviation; CSF, cerebrospinal fluid; NLR, neutrophil/lymphocyte ratio; MRC, Medical Research Council.

\*P\<0.05.

###### 

The comparative analyses of facial diplegia (+) and (-) group.

                              Facial diplegia (+)/(-)   Mean±SD   P
  --------------------------- ------------------------- --------- ----------------------------------------
  Age (years)                 (+)                       39±15     0.6
  (-)                         43±17                               
  CSF protein level (mg/dL)   (+)                       134±66    0.3
  (-)                         93±37                               
  Plasma NLR                  (+)                       3.1±1.2   0.03[\*](#tfn002){ref-type="table-fn"}
  (-)                         2±0.5                               
  MRCl^st^ score              (+)                       44±5      0.01[\*](#tfn002){ref-type="table-fn"}
  (-)                         50±6                                
  MRC2^nd^ score              (+)                       57±4      0.3
  (-)                         56±3                                

SD, standard deviation; CSF, cerebrospinal fluid; NLR, neutrophil/lymphocyte ratio; MRC, Medical Research Council.

\*P\<0.05.

###### 

Regression analyses to find prognostic predictor for Guillain Barré syndrome cases.

  Model                      Unstandardized coefficients   Standardized coefficients   P        
  -------------------------- ----------------------------- --------------------------- -------- -----------------------------------------
  Constant: MRCl^st^ score   59,985                        6,370                       .        0.000
      NLR                    -2.007                        1.199                       -0.388   0.118
      CSF protein level      -0.087                        0.020                       -0.890   0.001[\*](#tfn003){ref-type="table-fn"}
      Age                    0.075                         0.085                       0.205    0.390
  Constant: MRC2^nd^ score   61,418                        3,324                                0 000
      NLR                    0.641                         0.625                       0.205    0.324
      CSF protein level      -0.031                        0.010                       -0.517   0.011
      Age                    -0.065                        0.044                       -0.295   0.162

SE, standard error; MRC, Medical Research Council; NLR, neutrophil/lymphocyte ratio; CSF, cerebrospinal fluid.

\*P\<0.05,
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